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CHAPTER  1 
INTRODUCTION 


A  technical  evaluation  and  safety  analysis  has  been  conducted  on  an 
air-deployable  expendable  store  ,!PHOTO  FINISH".  The  purpose  of  this  report  is 
to  describe  the  results  of  a  test  program  requested  by  NAVELEX  (a3  required  by 
reference  1)  and  conducted  by  the  Naval  Surface  Weapons  Center.  The  tests  were 
conducted  to  determine  if  the  unit  was  safe  to  handle,  ship,  and  deploy  as 
configured. 

Abuse  conditions  were  generated  by: 

1.  Simultaneous  short  circuiting  of  the  batteries  with  all  fuses  bypassed, 

2.  Simultaneous  discharge  of  each  battery  pack  into  voltage  reversal  with 
an  external  D.C.  constant  current  power  supply.  Discharge  currents  were 
equal  to  the  fuse  value  of  each  battery  in  the  pack. 

3.  Heating  of  the  batteries  to  500°C  at  a  rate  of  20°C/min. 

"PHOTO  FINISH"  is  composed  of  four  separate  batteries  described  below: 

1.  Battery  number  one  has  thirteen  L026SH  lithium  sulfur  dioxide  cells 
wired  in  series. 

2.  Battery  number  two  has  four  L026SH  lithium  sulfur  dioxide  cells  wired  in 
t-eries . 

3.  Batteries  three  and  four  each  have  two  L032S  lithium  sulfur  dioxide 
cells  wired  in  series. 

All  cells  used  in  this  test  program  were  manufactured  by  Duracell 
International,  Inc. 

Batteries  one  and  two  each  have  a  thermal  fuse  (80-90°C)  and  a  four  ampere 
fuse  in  the  ground  leg.  Batteries  three  and  four  each  have  a  three  ampere  fuse 
in  the  ground  leg.  This  combination  of  fuses  protects  against  short  circuit  and 
excessive  discharge  rates. 


1NAVSEAINST  9310.1,  March  1979. 
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CHAPTER  2 
EXPERIMENTAL 


The  experimental  program  was  conducted  as  follows: 

1.  The  four  batteries  of  the  pack  were  simultaneously  short-circuited 
inside  the  "PHOTO  FINISH"  housing  with  all  fuses  bypassed.  Voltages, 
currents,  temperatures,  and  pressures  were  monitored  throughout  the 
run.  This  test  was  repeated  three  times. 

2.  The  four  batteries  of  the  pack  were  simultaneously  discharged  at  the 
fuse  values  with  an  external  D.C.  constant  current  power  supply.  For 
example,  batteries  one  and  two  were  discharged  at  four  amperes,  and 
batteries  three  and  four  at  three  amperes.  Three  discharges  were  ’ 
carried  out  at  ambient  temperatures  (10-25°C)  and  one  with  the  huoy 
preheated  to  71°C.  Voltages,  temperatures,  and  pressures  were 
monitored  throughout  the  run. 

3.  The  third  set  of  tests  conducted  was  external  heating  of  the  battery 
pack  by  wrapping  heat  tape  around  the  "PHOTO  FINISH"  unit  in  the 
vicinity  of  the  battery  pack. 

Pressures  were  measured  using  a  Standard  Controls  Model  Number  1200-41-1 
pressure  transducer.  Type  K  thermocouples  were  used  to  measure  the  temperatures 
at  several  point?  on  the  package  containing  the  four  batteries.  Thermocouple 
location  on  the  c  ;mplete  battery  package  and  "PHOTO  FINISH"  housing  is  indicated 
in  Figure  1.  A  photograph  of  the  battery  package  is  shown  in  Figure  2, 

Video  tapes  and  high  speed  movies  were  made  on  all  tests  and  are  on  file  at 
the  Naval  Surface  Weapons  Center,  White  Oak. 
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FIGURE  1 


SCHEMATIC  OF  "PHOTO  FINISH"  SHOWING  LOCATION  OF  THERMOCOUPLES  AND 
PRESSURE  TRANSDUCER  AS  POSITIONED  FOR  TEST. 
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CHAPTER  3 

RESULTS  AND  DISCUSSION 


The  first  series  of  tests  was  simultaneous  short-circuiting  of  all  four 
batteries  within  the  pack  (all  fuses  bypassed)  through  0.4  ohm  loads.  The  above 
test  was  repeated  three  times.  All  three  tests  resulted  in  venting  of  the 
batteries.  However,  the  first  two  tests  resulted  in  low  housing  pressure  upon 
venting.  A  post  mortem  of  these  units  indicated  that  the  housing  leaked  where 
the  thermocouples  and  voltage  leads  exited  the  unit.  The  problem  was  corrected 
and  a  third  short  circuit  test  was  run.  The  results  of  the  third  run  are 
presented  in  Figure  3.  Maximum  pressure  observed  is  11  psig.  The  ventings 
caused  the  nose  cap  to  be  ejected  at  approximately  10  ft/sec.  This  velocity  was 
measured  using  high  speed  photography  and  video  techniques.  After  nose  cap 
ejection  the  float  bag  inflated  and  subsequently  bursted.  A  summary  of  the 
short  circuit  data  is  presented  in  Table  l. 

The  second  series  of  tests  was  simultaneous  discharge  of  the  four  batteries 
at  the  fuse  value  using  four  D.C.  power  supplies.  As  in  short  circuit,  all 
fuses  were  bypassed.  Batteries  one  and  two  had  thirteen  and  four  L026SH  cells 
in  series  respectively.  Batteries  three  and  four  each  had  two  L032S  cells  in 
series.  Batteries  one  and  two  were  discharged  at  four  amperes  while  three  and 
four  were  discharged  at  three  amperes.  All  discharges  took  place  ac  room 
temperature  except  for  discharge  033001  where  the  buoy  was  preconditioned  at 
71°C.  The  results  are  presented  in  Figures  4-7,  A  summary  of  the  capacities 
observed  along  with  the  maximum  temperature  observed  are  presented  in  Table  2. 
All  fcur  tests  resulted  in  nose  cap  ejection  and  float  bag  rupture.  Batteries 
three  and  four  were  the  first  to  vent.  In  all  cases  the  venting  of  batteries 
three  and  four  caused  the  housing  pressure  to  increase  to  five  psig.  Nose  cap 
ejection  only  occurred  when  batteries  one  and  two  vented.  A  summary  of  the 
pressure  and  nose  cap  ejection  velocities  is  presented  in  Table  3. 

The  last  series  of  tests  conducted  was  external  heating  of  the  battery  pack 
by  wrapping  heat  tape  around  the  "PHOTO  FINISH"  unit  in  the  vicinity  of  the 
battery  pack,  A  photograph  of  "PHOTO  FINISH"  with  the  heat  tape  in  place  is 
shown  in  Figure  8.  As  in  the  previous  tests,  all  fuses  were  bypassed.  This 
test  was  repeated.  The  results  of  the  heating  test  are  presented  in  Figures. 9 
and  10.  External  heating  forced  the  batteries  to  vent  and  caused  a  nose  cap 
ejection  similar  to  short  circuit  and  constant  current  discharge. 
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FIGURE  3  SHORT  CIRCUIT  OF  ALL  FOUR  "PHOTO  FINISH"  BATTERY  SUPPLIES.  SHORT  CIRCUIT  CURRENT  AND  BATTERY  VOLTAGES 
ARE  INDICATED  FOR  EACH  BATTERY.  HOUSING  PRESSURE  AND  BATTERY  PACK  TEMPERATURE  ARE  ALSO  SHOWN. 


TABLE  1  SUMMARY  OF  SHORT  CIRCUIT  DATA 
ON  "PHOTO  FINISH"  THROUGH  0.4  OHM  LOAD 


TEST  NUMBER 

224001 

224002 


MAXIMUM 
BATTERY  PACK 


BATTERY 

NUMBER  AND 

MAXIMUM 

CURRENT 

TEMPERATURE  (°C) 

1 

2 

3 

4 

53.4 

12.2 

9.0 

6.2 

— 

54.0 

14.0 

6.0 

6.0 
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FIGURE  7  SIMULTANEOUS  CONSTANT  CURRENT  DISCHARGE  OF  ALL  FOUR  "PHOTO  FINISH"  BATTERY  SUPPLIES.  BATTERIES 
ONE  AND  T£0  WERE  DISCHARGED  AT  FOUR  AMPERES  WHILE  THREE  AND  FOUR  WERE  DISCHARGED  AT  THREE 
AMPERES  CONSTANT  CURRENT.  HOUSING  PRESSURE  AND  BATTERY  PACK  TEMPERATURE  ARE  ALSO  SHOWN. 

THE  ENTIRE  "PHOTO  FINISH"  UNIT  WAS  PRECONDITIONED  AT  71°C  PRIOR  TO  DISCHARGE. 
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TABLE  2  CAPACITY  IN  AMPERE  HOURS  OF  "PHOTO  FINISH" 
BATTERIES  TO  A  2  VOLT/ CELL  CUTOFF 


TEST  NUMBER 

BATTERY  NUMBER  AND  CAPACITY 

MAXIMUM 
BATTERY  PACK 
TEMPERATURE  (°C) 

1 

2 

3 

4 

226001 

3.05 

3.30 

0 

0 

291 

227001 

5.60 

5.67 

0.3 

0.3 

152 

227002 

5.03 

5.03 

0.12 

0.12 

•  ■  605 

033001 

4.27 

4.53 

0.13 

0.13 
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TABLE  3  MEASURED  VELOCITY  AT  WHICH  NOSE  CAP  WAS  EJECTED. 


TEST  NUMBER 

MAXIMUM  PRESSURES  ARE  ALSO  SUMMARIZED 

MEASURED  VELOCITY  (IN  FT/SEC)  AT  1'  AND  8* 

MAXIMUM  PRESSURE 

r 

And 

8" 

(p8ig) 

225001 

— 

— 

23.0 

226001 

— 

— 

11.0 

227001 

2A 

20 

23.0 

227002 

16 

12 

14.9 

032001 

10 

— 

11.0 

032002 

24 

19 

30.0 

033001 


A 
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CHAPTER  4 
CONCLUSIONS 


The  tests  results  presented  in  this  report  indicate  that  nose  cap  ejection 
will  take  place  under  "worst  case"  conditions.  However,  no  fires  were  observed 
under  any  of  the  tests  conducted. 

Based  upon  the  tests  results  and  the  scenario  of  use,  the  following 
recommendations  should  enhance  the  safety  of  "PHOTO  FINISH"  units: 

1.  Label  the  batteries  in  accordance  with  reference  1. 

2.  Reduce  the  three  ampere  fuse  in  batteries  three  and  four  to 
approximately  one  ampere. 

3.  Store  batteries  separately  from  the  "PHOTO  FINISH"  units  until  ninety 
days  prior  to  deployment. 

4.  After  the  batteries  are  loaded  into  the  units,  a  CAUTION  label  in 
accordance  with  Figure  1  of  reference  (1)  should  be  placed  on  both  the 
unit  and  the  grey  overpack, 

5.  Do  not  remove  units  from  grey  overpack  greater  than  fifteen  days  prior 
to  deployment. 

6.  A  warning  notice  to  handling  personnel  should  be  placed  on  the  units 
that  after  the  batteries  are  loaded,  a  possibility  exists  for  nose  cap 
ejection. 


7.  The  "PHOTO  FINISH"  units  are  to  be  loaded  into  the  launch  tubes  only, 
and  not  stored  inside  the  aircraft. 
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and  Development  Center 
Annapolis  Laboratory 

Attn:  Code  2724  (H.  R.  Urbach)  1 

Annapolis,  MD  21401 

U.  S.  Army  HQDA-DAEN-ASR-SL 

Attn:  Charles  Scuilla  1 

Washington,  DC  20314 

U.  S.  Army  Electronics  Command 
Attn:  Code  DELET  P  (T.  Reiss)  1 

Code  DRSEL-TR-PR 

(Dr.  S.  Gilman)  1 

Fort  Monmouth,  NJ  07703 

Air  Force  Aero  Propulsion  I.sb 

Attn:  AFAPL/OPE-1  (W  Bishop)  1 

(b.  Marsh)  1 

Wright-Patterson  AFB,  OH  45433 


Headquarters 

Department  of  Transportation 

U.  S.  Coast  Guard 

Ocean  Engineering  Division 

Attn:  GE0E-3/61  (R.  Potter)  1 

Washington,  DC  20590 

NASA  Goddard  Space  Flight  Center 
Attn:  Code  711  (G.  Halpert)  1 

Hampton,  VA  23665 

NASA  Johnson  Space  Center 
NASA  Rd  1 

Attn:  Code  EPS  (B,  J*  Bragg)  1 

Houston,  TX  77058 

Lockheed  Palo  Alto  Research 
Laboratory 

Lockheed  Missile  Space  Co.,  Inc. 

Attn :  Library  1 

3251  Hanover  Street 
Palo  Alto,  CA  S4304 

Altus  Corporation 
1610  Crane  Court 
San  Jose,  CA  95112 


Honeywell  Inc. 

Defense  Systems  Division 
Power  Sources  Center 
Attn:  Library 
104  Rock  Road 
Horsham,  PA  19044 

Yardney  Electric  Corporation 
Attn :  Library 
82  Mechanic  Street 
Pawcatuck,  CT  02891 

Duracell  International 
Attn:  B.  McDonald 
Sjuth  Broadway 
Tarrytown,  NY  10591 

Duracell  International 
Laboratory  for  Physical  Science 
Attn :  Library 
Burlington,  MA  01803 

Power  Conversion  Inc. 

70  MacQuesten  Parkway  South 
Mount  Vernon,  NY  10550 

Eagle-Picher  Industries 
Couples  Department 
Attn:  Library 
Joplin,  M0  64801 

Sparton  Electronics 
Attn:  Carroll  H.  Bush 
2400  East  Ganson  Street 
Jackson,  MI  49202 

Sonatech  Inc. 

Attn:  Reggie  Sear 
700  Francis  Botello  Road 
Goleta,  CA  93017 

Sanders  Associates,  Inc. 

Attn:  George  Disco 
95  Canal  Street 
Nashua,  NH  03061 
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Electrochera  Industries,  Inc. 
Attn:  Dr.  Robert  Murphy 
9990  Wehrle  Drive 
Clarence,  NY  .14031 

Magna vox  Company 
Department  529 
Attn:  Carl  Keuneke 
1313  Production  Road 
Fort  Wayne,  IN  46808 

Ray -0- Vac 

Attn:  R.  F.  Udell 
B.  C.  Bergum 

101  East  Washington  Avenue 
Madison,  WI  53703 

Gould,  Inc. 

Gould  Laboratories 

40  Gould  Center 

Rolling  Meadows,  IL  60000 

The  Boeing  Company  . 

Attn:  Dr.  A.  C.  Johnson 
P.  O.  Box  3707 
Seattle,  WN  98124 

GTE  Laboratories,  Inc. 

Attn:  Library 
40  Sylvan  Road 
Waltham,  MA  02154 

Martin  Marietta  Aerospace 
Attn:  John  W.  Wear 
P.0.  Box  179 
Denver,  CO  80201 

GTE  Sylvania 

Attn:  Dr.  Robert  McDonald 
189  B  Street 

Needham  Heights,  MA  02194 

Navy  Environmental  Health  Centei 
Attn;  J.  R.  Crawl,  Head 

Hazardous  Mat.  Eval  Br. 
Naval  Station 
Norfolk,  VA  23511 


McDonnell  Douglas  Corporation 
1150  17th  Street,  N.W. , 

Suite  500 

Washington,  DC  20036 

EIC  Corporation 
Attn:  Dr.  K.  M.  Abraham 
55  Chapel  Street 
Newton,  MA  02158 

General  Electric  Co. 

Attn:  Dr.  R.  W.  Race,  Manager 

Advance  Programs  Marketing 
Room  2544A  -  0P#2 
100  Plastics  Avenue 
Pittsfield,  MA  01201 

Norton  Air  Force  Base 
Attn:  Code  BMO/ENBE 

(Capt.  A.  S.  Alanis) 

Code  AFISC/SES 
Norton  AFB,  CA  92409 

Honeywell  Power  Sources  Center 
Attn:  Dr.  David  L,  Chua 
104  Rock  Road 
Horsham,  PA  19044 

Battery  Engineering 
Attn:  Dr.  N.  Marincic 
80  Oak  Street 
Newton,  MA  02164 

N0AA  Data  Buoy  Center 
Attn:  Mr.  D.  Scully 
NSTL  STATION,  MS  39529 

Teledyne  Electronics 
Attn:  Mr.  G.  Lamb 
649  Lawrence  Drive 
Newbury  Park,  CA  91320 

Mare  Island  Naval  Ship  Yard 
Attn:  Code  280.08 

Stop  060  (R.  Moulder) 
Vallejo,  CA  94592 


*>—  »  O  *k._.  s — 1>_".  t  - 


(3) 


DISTRIBUTION  (Cont.) 


•Copies 


The  Aerospace  Corporation 
Attn:  Mr.  Albert  Heller 
2350  East  El  Segundo  Blvd. 
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